The doping reaction of boron nitride and carbon nanotubes with aluminium atom was theoretically investigated. ONIOM method and PM6 method have been used to evaluate the thermochemistry of doping reactions of single walled boron nitride nanotubes and carbon nanotubes. The enthalpy changes, Gibbs free energy changes, of studied doping reactions were evaluated at different temperatures. All nanotubes were single-walled and finite length with hydrogen saturation in the terminal atoms. The thermodynamic calculations based on the ONIOM and PM6 levels results showed (8,0)CNT is the best candidate for Al-doping reaction.result suggest the aluminum doped boron nitride nanotubes and carbon nanotubes may be considered the proper carries for the drug delivery.
INTRODUCTION
Doping nanotubes is an effective way to extensively modify their various properties [1] [2] [3] [4] . The doped nanotubes can exhibit dramatic changes with respect to the undoped material 5 . For example BNNTs are mainly insulators. However, C-doped BNNTs have reduced electronic band gaps 6 . Carbon nanotubes doped with boron (B) and nitrogen (N) are also possible which can engineer the electronic band-gap of CNTs 7 . The doped nanotubes are also investigated for their potential applications as adsorbents 5, [8] [9] [10] . Methods based on PM6 and ONIOM methods allow to describe correctly the electronic structure and the reactivity of CNTs [11] [12] [13] [14] .
In study of scavenging characteristic of SWNTs for OH radicals, the semiempirical PM6 method was used for geometry optimization of carbon nanotubes 15 .In this study, we have carried out systematic PM6 and ONIOM method to investigate the thermochemical aspects of aluminium doping of armchair and zigzag nanotubes . The doping reaction of aluminium with truncated (4,4) and (8,0) CNT, and BNNT evaluated thermochemically through PM6 and ONIOM studies.
Computational Details
We constructed the (8,0) zigzag and the (4,4) armchair CNT and BNNTs and optimized them using semiempirical quantum chemical method PM6 method and ONIOM method. Then we doped them with one atom of aluminium for more calculations All nanotube lengths were about 1-nm, open-ended and defect free. The two caps of all nanotubes were saturated with hydrogen atoms to simulate the effect of a longer nantube and to prevent the nanotube terminal bonds to dangle. Moreover, the hydrogen atoms decrease the cost of the calculation as well [16] . As Figure 1 reveals, for doping CNTs one carbon atom of nanotube was replaced by one aluminium atom. In BNNTs there are two atoms (B atom and N atom) which can be replaced with one Al atom. When boron atom was replaced with aluminum atom we named it as Al(B)-doped(4,4)BNNT, and for replacement of nitrogen atom with Al atom we named the resulted structure as Al(N)-doped(4,4) BNNT.When nitrogen atom of (4,4)BNNT replaced with Al atom in PM6 method there was a rough disarrangement in the structure of (4,4)BNNT. Due to this disarrangement we did not considered the Al(N)-doped(4,4)BNNT for Al-doping.When nitrogen atom of (8,0)BNNT replaced with Al atom in ONIOM method there was a rough disarrangement in the structure of (4,4)BNNT. Due to this disarrangement we did not considered the Al(N)-doped(4,4)BNNT for Al-doping. The semiempirical methods, PM6 17 applied to optimize the models, and also frequencies. These methods are implemented in the MOPAC program package 18 .The ONIOM (Our N-layered Integrated molecular Orbital + molecular Mechanics) method developed by the author and his colleagues is an onion skin-like extrapolation method, allows to combine a variety of quantum mechanical methods as well as a molecular mechanics method in multiple layers [19] [20] [21] [22] [23] [24] . Furthermore, frequency calculations were carried out to confirm their stability and to obtain thermochemical functions. The frequency calculations were performed at 1 atm of pressure. While we the temperature were set to increase by step of 5 degree of Kelvin starting from 298.15 K. To evaluate the doping reactions of NTs with aluminum atom we used the following reaction:
RESULTS AND DISCUSSIONS

ONIOM method
For BNNT and (4,4)CNT in all temperatures the doping reaction was endother mic and nonspontaneous. ∆ r H doping and ∆ r G doping trend for Al-doping reaction of (8,0)CNT is exothermic and nonspontaneous. There was an increasing trend in positive values for ∆ r H doping of (8,0)CNT.
PM6 method
we find that the general trend of changing enthalpies and Gibbs free energies follow the same trend. ∆ r H doping and ∆ r G doping for doped BNNTs and (4,4) CNT are positive (endothermic and nonspontaneous reactions) PM6 methods. At the PM6 method the ∆ r H doping and ∆ r G doping for Al-doping reaction of (8, 0) CNT is exothermic and spontaneous.
CONCLUSIONS
We theoretically investigated the finitelength armchair and zigzag boron nitride,and carbon nanotubes for doping with Al atom. All nanotubes were single-walled and finite length with hydrogen saturation in the terminal atoms. The ONIOM and semiempirical quantum chemistry technique PM6 were used for the study.The results of ONIOM and PM6 showed the same trends for enthalpy and Gibbs free energy changes for Al-doping reactions of BNNTs and CNTs. The thermodynamic calculations based on the ONIOM and PM6 levels results showed that the zigzag (8,0)CNT is the best candidate for doping with aluminum atom at different studied temperature. The PM6 level of theory showed when nitrogen atom of (4,4)BNNT replaced with Al atom there was a rough disarrangement in the structure of (4,4)BNNT.The ONIOM method showed when nitrogen atom of (4,4)BNNT and (8,0)BNNT replaced with Al atom there was a rough disarrangement in the structure of (4,4)BNNT.
